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Summary
Background: ST-segment elevation of ≥1.0mm in the right precordial chest lead V4R
(ST↑V4R) has been shown to be a reliable marker of right ventricular involvement
(RVI) in inferior acute myocardial infarction (IMI). However, the impact of left ven-
tricular posterior wall involvement (PWI) on the relation between ST↑V4R and RVI
is unknown.
Methods: We studied 267 patients with recanalized IMI due to the right coronary
artery (RCA) occlusion within 6 h after symptom onset. A 12-lead electrocardiogram,
lead V4R, and leads V7—9 were recorded on admission. RVI was deﬁned as occlu-
sion proximal to the ﬁrst major right ventricular branch of the RCA. The perfusion
territory of the RCA was assessed by angiographic distribution score, and PWI was
deﬁned as a score of ≥0.7. Patients were stratiﬁed according to the presence or
absence of PWI and RVI.
Results: RVI was associated with higher peak creatine kinase and a higher rate of
impaired myocardial reperfusion, deﬁned as a myocardial blush grade of 0 or 1
after recanalization, in the presence or absence of PWI, especially the former. RVI
higher rate of ST↑V4R in the absence, but not in the pres-was associated with a
ence, of PWI. ST↑V4R identiﬁed RVI with sensitivities of 34% and 96% (p < 0.001), and
speciﬁcities of 83% and 82% (NS) in the presence and absence of PWI, respectively.
∗ Corresponding author. Tel.: +81 45 261 5656; fax: +81 45 261 9162.
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Conclusions: In patients with recanalized IMI, RVI is associated with larger infarction
and impaired myocardial reperfusion in the presence or absence of PWI, especially
the former. However, the presence of PWI attenuates the predictive value of ST↑V4R
for RVI.
e of Cardiology. Published by Elsevier Ireland Ltd. All rights
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20ms after the end of the QRS complex by a sin-
gle cardiologist who was blinded to all clinical and© 2009 Japanese Colleg
reserved.
ntroduction
nferior acute myocardial infarction (IMI) is gen-
rally considered to have a better prognosis than
nterior acute myocardial infarction. However,
atients with right ventricular involvement (RVI)
ave worse outcomes [1—3], and furthermore, a
igniﬁcantly increased risk of major complications
nd in-hospital death has been reported in these
atients without reperfusion therapy [4]. Early
dentiﬁcation of RVI thus has an important role in
etermining the prognosis and selecting an appro-
riate treatment strategy in patients with IMI.
T-segment elevation of ≥1.0mm in the right pre-
ordial chest lead V4R (ST↑V4R) is a simple, readily
vailable, and widely used criterion for RVI [1—6].
VI generally results from proximal occlusion of
he right coronary artery (RCA) [7,8]. ST-segment
hanges in lead V4R have also emerged as a reli-
ble marker of the site of coronary artery occlusion
n patients with IMI; ST↑V4R is useful for iden-
ifying proximal occlusion of the RCA, whereas
T-segment depression of ≥1.0mm in lead V4R
uggests occlusion of the left circumﬂex artery
5,7]. The left ventricular posterior wall is situated
iagonally opposite to the right ventricular ante-
ior wall. ST-segment elevation due to transmural
schemia in the posterior wall can therefore recip-
ocally depress the right precordial ST-segment.
he RCA sometimes supplies not only the infe-
ior wall, but also the posterior wall. In patients
ith such a dominant RCA, proximal occlusion
f the RCA can lead to ST-segment changes in
he right precordial lead, caused by competition
etween ST-segment elevation due to RVI and recip-
ocal changes due to posterior wall involvement
PWI), which can result in attenuated right pre-
ordial ST-segment elevation [9]. However, the
mpact of PWI on the relation between ST↑V4R
nd RVI remains unclear in patients with IMI. In
his study, we investigated the relation of ST↑V4R
o the site of RCA occlusion (i.e., proximal occlu-
ion or not) and the presence or absence of
WI.
a
d
v
wethods
tudy group
e enrolled 267 consecutive patients with IMI
mean age 64± 11 years; 212 men and 55 women)
ho fulﬁlled the following criteria: (1) no history
f myocardial infarction; (2) absence of con-
itions precluding the evaluation of ST-segment
hanges on electrocardiogram (right or left bundle
ranch block, ventricular pacing); (3) thromboly-
is in myocardial infarction [TIMI] [10] grade 0 or
ﬂow of the RCA as conﬁrmed by initial coronary
ngiography, with achievement of TIMI grade 3 ﬂow
ithin 6 h from symptom onset; (3) fully assess-
ble electrocardiograms on admission; (4) adequate
ssessment of myocardial blush grade [11] after
ecanalization. The diagnosis of IMI was based on
ypical chest pain lasting ≥30min, ST-segment ele-
ation of ≥1mm in ≥2 inferior leads (II, III, or
VF), and a typical increase in the serum creatine
inase level to more than twice the upper limit of
ormal. All patients gave informed consent. The
tudy protocol was approved by our Internal Review
oard.
lectrocardiographic analysis
n admission, electrocardiograms were recorded
ith the standard 12 leads and the right precordial
hest lead V4R at a paper speed of 25mm/s and
n ampliﬁcation of 10mm/mV. Admission electro-
ardiograms were also recorded with the posterior
hest leads V7—V9 in 181 patients (68%) [12,13].
he isoelectric line was deﬁned as the level of
he preceding TP segment. ST-segment deviation
as measured manually to the nearest 0.5mm,ngiographic ﬁndings. The degrees of ST-segment
epression in leads V1—V4 and of ST-segment ele-
ation in leads II, III, aVF, V5 to V6, V4R, and V7—V9
ere measured.
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Coronary angiography
Coronary angiography was performed immediately
after admission. The angiograms were evaluated by
a single cardiologist who was blinded to all data
apart from the coronary angiogram. RVI was deﬁned
as occlusion proximal to the ﬁrst major right ven-
tricular branch of the RCA. The grade of collateral
ﬁlling in the RCA was evaluated as described by Ren-
trop et al. [14], and a good collateral channel was
deﬁned as grade 2 or 3. The allocation of recanal-
ization therapy was left to the discretion of the
physician in charge. Recanalization was deﬁned as
TIMI grade 3 ﬂow and was established by ﬁbrinolysis
in 82 patients and by percutaneous coronary inter-
vention in 185 patients. On angiograms obtained
immediately after recanalization, the extent of
the perfusion territory of the RCA was quantiﬁed
according to the angiographic distribution score
proposed by Wong et al. [15]. All left ventricular
branches of the RCA and the left circumﬂex artery
were scored as follows: branches with a length
equivalent to >80% of that of the largest posterior
descending artery were scored as 2; branches with
a length between 50% and 80% of this value were
scored as 1; small branches with a length of <50%
were scored as 0. The angiographic distribution
score was deﬁned as the ratio of the summed score
of the RCA to the total summed score of the RCA
and the left circumﬂex artery. PWI was deﬁned as a
score of ≥0.7. In addition, myocardial blush [11]
was graded on angiograms obtained immediately
after recanalization. Impaired myocardial reperfu-
sion was deﬁned as a myocardial blush of grade 0
or 1.
Cardiac enzyme study
Blood samples were obtained on admission and
at 3 h intervals during the ﬁrst 24 h, at 6 h inter-
vals for the next 2 days, and then daily until
discharge.
Statistical analysis
Data are expressed as mean values± standard devi-
ation for continuous variables and as percentages
for categorical variables. Analysis of variance was
used to calculate p values for continuous vari-
ables. Chi-square analysis was used to compare
categorical variables. Differences were considered
statistically signiﬁcant at p < 0.05. The data were
analyzed using SPSS 10.0 for Windows (SPSS, Inc.,
Chicago, IL, USA).
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esults
atient characteristics
WI was present in 73 patients (27%). RVI was found
n 32 (44%) patients with and 82 (42%) patients with-
ut PWI (p =NS). Patients were stratiﬁed according
o the presence or absence of PWI and RVI. The
aseline characteristics of the 4 groups are summa-
ized in Table 1. There were no differences between
atients with or without RVI in the presence or
bsence of PWI with regard to age, sex, medication
efore IMI, coronary risk factors, previous angina
ithin 24 h before IMI, time from symptom onset to
dmission, percutaneous coronary intervention, or
ime from symptom onset to recanalization. There
as a trend toward lower heart rate and systolic
lood pressure on admission in patients with RVI in
he presence of PWI, but the differences did not
each statistical signiﬁcance. RVI was signiﬁcantly
ssociated with a higher peak creatine kinase level
n the presence or absence of PWI, especially the
ormer.
lectrocardiographic ﬁndings
lectrocardiographic ﬁndings on admission are
hown in Table 2. RVI was signiﬁcantly associated
ith a greater sum of ST-segment elevation in
eads II, III, and aVF in the presence or absence
f PWI, especially the former. There was a slight,
ut insigniﬁcant trend toward a greater sum of
T-segment depression in leads V1—V4 in patients
ithout RVI in the presence of PWI. The sum of
T-segment depression in leads V1—V4 did not dif-
er between patients with or without RVI in the
bsence of PWI. There was a slight, but insignif-
cant trend toward a greater sum of ST-segment
levation in leads V5—V6 in patients with RVI in the
resence of PWI. The sum of ST-segment elevation
n leads V7—V9 did not differ between patients with
r without RVI in the presence or absence of PWI.
VI was signiﬁcantly associated with a higher rate
f ST↑V4R in the absence, but not in the presence,
f PWI (Fig. 1).
ngiographic ﬁndings
he angiographic ﬁndings are shown in Table 2.
here were no differences between patients with or
ithout RVI in the presence or absence of PWI with
egard to multivessel disease, concomitant disease
f the left anterior descending coronary artery,
r grade of the collateral circulation. The angio-
raphic distribution score did not differ between
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Table 1 Baseline clinical characteristics.
PWI (+) PWI (−) p
RVI (+) (n = 32) RVI (−) (n = 41) RVI (+) (n = 82) RVI (−) (n = 112)
Age (years) 65± 11 65± 11 65± 11 63± 12 0.48
Men 27 (84%) 33 (81%) 67 (82%) 85 (76%) 0.65
Medication before IMI
Calcium antagonist 6 (19%) 7 (17%) 21 (26%) 22 (20%) 0.65
Beta-blocker 3 (9%) 1 (2%) 6 (7%) 6 (5%) 0.59
ACE inhibitor 1 (3%) 1 (2%) 8 (10%) 9 (8%) 0.37
Diabetes mellitus 11 (34%) 7 (17%) 20 (24%) 34 (30%) 0.27
Hypercholesterolemia 11 (34%) 11 (27%) 24 (30%) 24 (21%) 0.41
Hypertension 18 (56%) 19 (46%) 44 (54%) 57 (51%) 0.83
Smoking 22 (69%) 23 (56%) 54 (66%) 62 (55%) 0.33
Previous angina within
24 h before IMI
9 (28%) 14 (34%) 30 (37%) 44 (39%) 0.69
Heart rate on
admission (beats/min)
61± 23 66± 16 64± 19 65± 17 0.59
Systolic blood pressure
on admission (mmHg)
110± 37 121± 27 128± 31 124± 36 0.18
Time from symptom
onset to admission (h)
2.9± 1.6 2.1± 1.6 2.4± 1.9 2.6± 2.0 0.29
Percutaneous coronary
intervention
26 (81%) 28 (68%) 57 (70%) 74 (66%) 0.44
Time from symptom
onset to recanalization
(h)
3.9± 2.0 3.2± 1.9 3.6± 2.1 3.7± 1.9 0.28
Peak creatine kinase
(IU/l)
4232± 2209** 3234± 1750 2889± 1687** 2075± 1075 <0.001
Data are presented as the mean value± standard deviation (SD) or number (%) of patients. PWI, left ventricular posterior wall
involvement; RVI, right ventricular involvement; IMI, inferior acute myocardial infarction; ACE, angiotensin-converting enzyme.
p-Values indicate differences among the 4 groups.
** p < 0.01 vs. RVI (−).
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aatients with or without RVI in the presence or
bsence of PWI. RVI was signiﬁcantly associated
ith a higher rate of impaired myocardial reperfu-
ion after recanalization in the presence or absence
f PWI, especially the former (Fig. 2).
redictive value of ST↑V4R for the diagnosis
f RVI
n all patients studied, the sensitivity, speciﬁcity,
ositive predictive value, and negative predictive
alue of ST↑V4R for the diagnosis of RVI were 78%,
2%, 77%, and 83%, respectively. When stratiﬁed
ccording to the presence or absence of PWI, the
peciﬁcity did not differ, but the sensitivity, posi-
ive predictive value, and negative predictive value
especially the sensitivity) were signiﬁcantly lower
n the presence of PWI than in the absence of PWI
Fig. 3).
a
c
r
niscussion
n this study, RVI and PWI were assessed on the basis
f angiographic ﬁndings. Because patients with IMI
omplicated by RVI have more proximal occlusion
f the RCA [6,7], we deﬁned RVI as occlusion prox-
mal to the ﬁrst major right ventricular branch
f the RCA. We deﬁned PWI as a greater angio-
raphic score. In this study, PWI was associated with
rominent ST-segment elevation in posterior chest
eads V7—V9, indicating the presence of transmu-
al ischemia in the posterior wall [12,13]. Our study
emonstrated that in patients with recanalized IMI,
VI was associated with a larger infarct size and
mpaired myocardial reperfusion in the presence or
bsence of PWI, especially the former. Iwakura et
l. [16] reported that in patients with successful
oronary recanalization after angioplasty, a larger
isk area is closely related to the no-reﬂow phe-
omenon. In patients with RVI, transmural ischemia
390 M. Kosuge et al.
Table 2 Electrocardiographic and angiographic ﬁndings.
PWI (+) PWI (−) p-Value
RVI (+) (n = 32) RVI (−) (n = 41) RVI (+) (n = 82) RVI (−) (n = 112)
Electrocardiographic ﬁndings
ST↑in leads II, III, aVF
(mm)
13± 6* 9± 5 9± 5* 7± 4 <0.001
ST↓in leads V1—4
(mm)
6± 6 9± 5 5± 7 6± 5 0.09
ST↑in leads V5—6
(mm)
2± 2 1± 1 1± 2 1± 1 0.022
ST↑in leads V7—9
(mm)a
4± 4 4± 3 1± 2 1± 2 0.001
(n = 22) (n = 27) (n = 56) (n = 76)
ST↑V4R 11 (34%) 7 (17%) 78 (95%)** 20 (18%) <0.001
Angiographic ﬁndings
Multivessel disease 8 (25%) 11 (27%) 27 (33%) 24 (21%) 0.35
Concomitant LAD
disease
7 (22%) 6 (15%) 21 (26%) 17 (15%) 0.26
Collateral grade≥ 2b 7 (22%) 8 (20%) 21 (26%) 30 (27%) 0.79
Angiographic
distribution score
0.8± 0.1 0.8± 0.1 0.5± 0.1 0.5± 0.1 <0.001
Data are presented as the mean value± standard deviation (SD) or number (%) of patients. PWI, left ventricular posterior wall
involvement; RVI, right ventricular involvement; ST↓, sum of ST-segment depression; ST↑, sum of ST-segment elevation;
ST↑V4R, ST-segment elevation of ≥1.0mm in lead V4R; LAD, the left anterior descending artery. p-Values indicate differences
among the 4 groups.
a Available in 181 patients.
b Rentrop classiﬁcation.
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** p < 0.01 vs. RVI (−).
develops in not only the left ventricular inferior
wall, but also in the right ventricular wall. In addi-
tion, the presence of PWI may further increase the
risk area. Therefore, the greater risk area in such
patients might result in a larger infarct size and
impaired myocardial reperfusion. As for the predic-
tive value of ST↑V4R for the diagnosis of RVI, the
presence of PWI did not inﬂuence the speciﬁcity,
but signiﬁcantly lowered the sensitivity, positive
predictive value, and negative predictive value,
especially the sensitivity. Our ﬁndings suggest that
patients with IMI who had PWI in addition to RVI
had extensive infarction and impaired myocardial
reperfusion despite successful recanalization; such
patients may be overlooked when ST↑V4R is used
as a criterion for RVI.
The overall predictive value of ST↑V4R for the
diagnosis of RVI was consistent with previous ﬁnd-
ings [2,6]. However, our results demonstrated that
the presence of PWI attenuated the predictive
value of ST↑V4R, especially with respect to sensi-
tivity. In patients with IMI due to a dominant RCA,
supplying not only the inferior but also the posterior
wall, proximal occlusion of the RCA simultaneously
results in transmural ischemia of the right ventric-
ular anterior wall and posterior wall as well as
S
w
S
fhe inferior wall, as mentioned above. The right
entricular anterior wall and posterior wall are
iagonally opposite to each other, and the latter
s thicker, producing greater injury current. There-
ore, right precordial ST-segment elevation caused
y RVI is offset by reciprocal changes in poste-
ior ST-segment elevation caused by PWI, thereby
asking the electrocardiographic sign of RVI, i.e.,
T↑V4R. We have previously shown this electro-
ardiographic change in only 62 patients with IMI
ho had total occlusion of the RCA proximal to
he ﬁrst right ventricular branch [9]. In the present
tudy, we studied a larger number of patients,
ncluding those without RVI, and demonstrated the
mpact of PWI on the predictive value of ST↑V4R
or the diagnosis of RVI. Similar to lead V4R, ST-
egment deviation in the precordial leads may be
ffected by PWI, i.e., reciprocal changes in pos-
erior ST-segment elevation caused by PWI may
ecrease the level of ST-segment in the precor-
ial leads. In the present study, there was a slight,
ut insigniﬁcant trend toward a greater sum of
T-segment depression in leads V1—V4 in patients
ithout RVI in the presence of PWI. The sum of
T-segment depression in leads V1—V4 did not dif-
er between patients with or without RVI in the
ST-segment elevation in lead V4R in IMI 391
Figure 1 Representative electrocardiograms. (A) Electrocardiogram from a patient who had right ventricular involve-
ment (RVI), but not left ventricular posterior wall involvement (PWI). No ST-segment elevation in leads V7—V9 is
e k creatine kinase was 3199 IU/l. (B) Electrocardiogram from
a n in leads V7—V9 is evident. No ST-segment elevation in lead
V aused by PWI. Peak creatine kinase was 5832 IU/l.
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eﬁt from reperfusion therapy [2,19]. In contrast,
patients with RVI, who have poorer outcomes [1—3],
have been shown to beneﬁt from reperfusion ther-
apy [4]. Moreover, patients with PWI have a greater
Figure 2 Incidence of impaired myocardial reperfusion,vident. ST-segment elevation in lead V4R is evident. Pea
patient who had both RVI and PWI. ST-segment elevatio
4R is evident, probably because of reciprocal changes c
bsence of PWI. These ﬁndings seem to be inconsis-
ent, but may be explained by the different degrees
f ST-segment elevations in the inferior, posterior,
nd right precordial chest leads. We can assume
hat precordial ST-segment deviation during IMI is
aused by the additive effects of 2 factors: ST-
egment depression due to reciprocal changes in
nferior and posterior ST-segment elevation plus
T-segment elevation due to concomitant right ven-
ricular ischemia [17,18]. ST-segment deviation in
he precordial leads therefore involves inferior ST-
egment elevation, as well as reciprocal changes
n posterior ST-segment elevation. The pathophysi-
logy of precordial ST-segment deviation may thus
iffer from that of ST-segment deviation in lead
4R.
Patients with both RVI and PWI had the most
xtensive ischemia, as indicated by the great-
st degrees of inferior, lateral, and posterior
T-segment elevations on the admission electro-
ardiogram. Patients with either RVI or PWI had
oderate ischemia, and those with neither RVI nor
WI had the least ischemia. Accumulating evidence
uggests that patients with small IMI do not ben-
as indicated by a myocardial blush grade of 0 or 1,
stratiﬁed according to the presence or absence of left
ventricular posterior wall involvement (PWI) and right
ventricular involvement (RVI). **p < 0.01 vs. the absence
of RVI (—–) in the presence or absence of PWI.
392
Figure 3 Comparison of the predictive value of ST-
segment elevation of ≥1.0mm in the right precordial
chest lead V4R for the diagnosis of right ventricular
involvement (RVI), stratiﬁed according to the presence
or absence of left ventricular posterior wall involvement
(PWI). PPV, positive predictive value; NPV, negative pre-
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Rdictive value. Black bar indicates the presence of PWI,
and white bar indicates the absence of PWI. **p < 0.01 vs.
the absence of PWI (—–).
risk area; consequently, patients with both RVI and
PWI might beneﬁt most from reperfusion therapy.
In this study, such patients had the largest infarct
size and the highest rate of impaired myocardial
reperfusion as evaluated by myocardial blush grade
because of the extensive risk area. Patients with
both RVI and PWI are thus most likely to need
more aggressive therapeutic strategies designed to
improve myocardial reperfusion [20]. Our ﬁndings
suggested an important limitation of ST↑V4R when
used for the diagnosis of RVI in these high-risk
patients.
Study limitations
Our study had several limitations that should be
considered when evaluating the clinical implica-
tions of our ﬁndings. This was a small retrospective
study. Moreover, to clearly deﬁne the relation
between electrocardiographic ﬁndings and RCA
occlusion site, we only studied patients with a ﬁrst
IMI in whom complete occlusion of the RCA was con-
ﬁrmed angiographically. In addition, we enrolled
patients within 6 h after symptom onset. A previ-
ous study reported that ST-segment elevation in the
right precordial leads is an early, transient electro-
cardiographic sign of RVI that resolves within <10 h
from symptom onset in half of all patients with RVI
[21]. We believe that the possibility of overlook-
ing a transient ST↑V4R in patients with RVI and the
inﬂuence of time interval from symptom onset to
recording electrocardiogram on predictive value of
ST↑V4R for the diagnosis of RVI were low. Further-
more, to evaluate the extent of perfusion territory
of the RCA on the basis of angiographic ﬁndings, we
only studied patients in whom successful recanal-
ization was conﬁrmed angiographically. However,M. Kosuge et al.
atients with RVI, PWI, or both (especially the
atter) had a greater risk area as indicated by elec-
rocardiographic ﬁndings, suggesting that infarct
ize might increase in the absence of reperfusion
herapy. We believe that these strict entry criteria
nabled us to demonstrate an important limita-
ion of ST↑V4R in the diagnosis of RVI. However,
he electrocardiographic ﬁndings in our subjects
ay differ considerably from those in patients
ith confounding factors such as prior myocar-
ial infarction, spontaneous recanalization, late
resentation, and unsuccessful recanalization. In
ddition, we did not study patients with occlusion
f the left circumﬂex coronary artery. Therefore,
ur ﬁndings cannot be generalized to the over-
ll population of patients with IMI. Moreover, RVI
as evaluated solely on the basis of angiographic
ndings (complete occlusion proximal to the ﬁrst
ajor right ventricular branch of the RCA). Hemo-
ynamic and imaging studies were not adequately
erformed in this study. However, the overall pre-
ictive value of ST↑V4R for the diagnosis of RVI
as consistent with that of previous studies [2,6].
ﬁnal limitation was that PWI was diagnosed on
he basis of the angiographic score. When this cri-
erion was used, however, PWI was associated with
rominent ST-segment elevation in posterior chest
eads V7—V9, suggesting the presence of transmu-
al ischemia in the posterior wall [12,13]. Further
rospective studies in larger numbers of patients
re thus required to conﬁrm our ﬁndings.
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